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ABSTRACT. Ultraviolet absorj)tion spectra of 0 .2 %  and 40% solutions of ortho-, 
meta- and para-bromotoluene in isobutyl alcohol in the liquid state and in the solid state at 
have been investigated and the results have been compared with those obtained 
in the case of pure substances in difforont states, as reported by previous workers. The 
splitting of the absorption bands in the case of ortho- and meta-bromotoluene in the solid 
state observed by previous workers is found to be absent in the case of 0 ,2 %  frozen solution, 
but the s})ootrum due to 40% frozen solution in each case sliows broad band system which 
seews to 1)0 composed of two systems of bands, one due to 0 .2 %  frozen solution and another 
duo to the pure substance in the solid state. The absorption Sf)Octrum of 0 .2 %  solution 
of para-bromotolueno re.semblos that due to the vapour and that due t-o 40% solution resem­
bles that due to the j)ure liquid. Tiie absorption spectra of frozen solutions of the para 
eompoimd do not show any splitting as in the case of pure' crystals. It has boon concluded 
that splitting of the absorption band i.s not duo to lattice field hut may bo due to the presence 
of strongly assymotric grou}>s of molecules in the crystals.
I N T R O D U C T I O N
The ultraviolet absorption spectra of the solutions of ortho-, meta- and para- 
ohlorotoluene in isobiityl alcohol in the liquid state and in the solid state at — 180°C 
wore investigated recently (Roy, 1956) in order to find out the influence of en­
vironments on the nature of absorption spectrum of the molecule in the solid state 
at — 180°C. In the case of the pure ortho-and meta compounds in the solid state 
at ~-180°C, Swamy (1952) observed splitting of the band systems, while in the 
case o f the solution in the solid state no such splitting was observed (Roy, 1966). 
It was concluded that when the molecules are surrounded by similar mblecules in 
the solid state the influence of the intermolecular field is largest, because owing 
to presence o f permanent electric moment the molecules become strongly associated 
with each other through virtual linkages and such association causes splitting of 
the energy level. But in the case o f the frozen solutions o f ortho- and meta-chloro- 
toluene the molecules are highly dispersed as single molecules and so the influence 
o f the intermolecular field due to molecules of the solvent is not large enough to 
cause a splitting o f the energy level.
* Communioated by Prof. S. C. Sirkor.
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Swamy (1953) studied the ultraviolet absorption spectra of ortho-and para- 
bromotoluene in the solid state at —180°C. In the case of ortho-bromotoluene 
each absorption band was found to be split up into three conipoiients, while in the 
case o f  para-bromotoluene no much splitting ^as observed. Recently, Sen (1956) 
studied ultraviolet absorption spectra of meta-bromotoluene both in the liquid 
and solid states at —180°C and observed s|ditiing of the energy level as in the 
case o f the ortho compound in the solid state, f
In order to study how the environments;|^ffect the intermolecular field when 
these substances are dissolved in suitable s|>lvents in various proportirms and 
frozen and cooled to — 180°C, an investiga|bion of the ultraviolet absorption 
spectra o f frozen solutions of ortho-, mela-|0tn(l para bromotoluene in isobutyl 
alcohol o f different concentrations was uiiderlaken and the results which are dis­
cussed in the presmt paper support the conclusions drawn earlier (Roy, 1956) 
that the splitting o f the energy level is due f  o formation of associated groups of 
the molecules in the solid state. /
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E X P E K I M E N T A L
The experimental arrangement in the present investigation was the same as 
that described in the previous pax c^r (Roy, 1956). The bromotoluenes were o f 
chemically pure quality. The purity of isobutyl alcohol used as solvent was tested 
bj^  studying its absorption spectrum. All the liijuids were distilled under reduced 
pressure before use. Solutions o f two different con<;ciitrations were studied. 
In each case solutions o f strength 0.2% and 40% were used. When the dilute 
solution was frozen it was transparent and homogeneous. In this case the 
absorption cell, described in the previous investigation (Roy 1956) was used. 
The 40% solution was translucent in the frozen state. In this case the absorption 
cell used was the same as that used by Swarny (1952), but the thickness was con­
trolled by using aluminium foil of thickness of the order of .01 nun. A hydrogen 
discharge tube running at 3 ICV served as the source of continuous spectrum. 
Spectrograms were taken on Ilford HP3 film. MicTophotometric records of these 
spectrograms were taken with a Kipi> and Zonen tyx>e self-recording mic;roj)hoto- 
meter. Iron arc spectrum was recorded on each spectrogram as comj^arison. 
The frequencies o f the absorption bands were measured with the help of these 
microphotometric records o f the absorx^tion s|)ectra in which records of the two 
known iron lines were taken as reference lines, and the records of the iron arc 
spectrum.
R E S U L TiS
The microphotometric records of the spectra are reproduced in figures 1, 2 
and 3 and the wave numbers o f the bands and their probable assignments are 
given in Tables I, II, III, IV, V and VI.
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V in cm-“^
Fig. 1. Michoj)hotomotrio records of tlie ultraviolet absorption spectra 
of solutions of o-broraotoluene in isobutyl alcohol.
(cf) 40 % Frozen solution at —• 180®C 
(h) 40 % Solution at 30®C
(c) 0.2 %  Frozen solution at — 180°C
(d) 0.2 %  Solution at 30®C
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V in cm~i -
Fig. 2. Micrbphotometrio records of the ultra­
violet'absorption spectra of solutions of 
m-bromotoluene in isobutyl alcohol.
(а) 40%  Frozefi solution at — 180'*C .
(б) 40% Solution at 30°C
(c) 012% Frozen solution at — 180®C
(d) 0.2%  Solution at SO^ 'C.
Fig. 3, Microphot/omctric records of 
ultraviolet absorption spectra 
of p-bromotolueiic and its 
Holution in isobutyl alcohol. 
40% Solution at r- 180°C 
40% Solution at 30^ C
(c) 0.2% Solution at -  180®C
(d) 0.2% Solution at 30'’C 
(ei p-Bromotoluon® iat 180“C
(a)
(b )
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TABLE I
Absorption spectra o f o-bromotoluene
8. B. Roy
Vapour (Swamy, 1963) Pure liquid (Swamy, I 
1653)
Soln. in isobutyl alcohol (Present author)
V in Assign- 
menii
V iri AflHicm.
0 .2o/„ 40%
(‘m-i ment | V in Assign- 
cm~i ment
9 in Assign- 
cm- 1  ment
36780
36854
37280
37330
37825
37876
38766
38848
38900
36450(Vs,b) P„
»>o-74 
»o
Vq -|' 42B
1^ 0+ 971 
1022 
1-2x971
37432(8,b) ^, +  982
36512 (s) Vf,
36998 (w) 1^ 0 +  486
37512 (s) 1^ 0 { 1000
36472 (s) p,i 
37456 (s) 1^ 3 +  984
37997 (m) ^0+486
+1000
l»o“l-971 38420 (w) 38489 (m) Vo \
4 1022 2x982 2x1000
38450 (m) 1^ 3 -f
2x984
I>o4-2X1022
39480 (w) j»o H- 3 X  1 ()00
TABLE II
Absorption spectra of o-bromotoluene
Pure solid at — 180°C 
(Swamy, 1963)
! PVozen solution in isobutyl alcohol (Present author)
0 . 2 % 40%
V in cm~i Assignment V in cm~i Assignment p m cm-i Assignment
36646 (V,8) Po 36646 (s,b) Vq
36730 (m) C„
36950 (w) Bo
37176 (s) Ao
37117 (m) po+^^i 37117 (s,b) 0^ 4-471
37641 (8) 1*0 4" 996 37641 (s,b) i»o4'996
37690 (m) Cl
87912 (w) B,
38140 (s) Ai
38111 (s) ro-i-471 +  995 38111 (s,b) i»o-f4714-996
38655 (m) c .
38636 (8) 1^0+2x995 38635 (m,b) >0+2x996
38880 (w) B,
39104 (w) A ,
db 39106 (m) 80-f 4 7 1-1-2x096
39630 (m) ro-i-SxOOS
40624 (w) 80+4x996
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TABLE III
Absorption spectra of m-bromotoluene
Vapour (Sen, 1956) Pure liquid 
(Sen, 1956)
Soln. in isobutyl alcoliol (Present author)
0 .2 % 1 40%
r in 
cm“^
Assign-
ment
p in Assign, 
cm-i ment
V in Assign- ' 
c i a r  1 ment |
V in Assign- 
ment
86369 (b)
36197 (8,b) p „
J1636(1 (8) p „
36286 (8) Po
36626 (vs) P o
36987 (m) Ko+461
36821 (w) I-0+465
37246 (s) I-O+960
37223 (8,b) >-„! l026 3733if {«) i>„ + 964
37492 (8) »o+966 376«| (m) r«+H88
37730 (m) !>« +1204 38247 «><, +  2x 377J8 (m) i>o-| 455+ 38201 (m) !-«■) 2x
(m,a,b) 1026 964 960
38304 (m) I-0+2X964
39277(w.b) 8o I-3x 39260 (w) r „+ 3 x 964 39160 »-o+8X
1026 W
TABLE IV
Absorption spectra of Tn-bromotoluene
Pure Solid (Sen, 1956)
Frozen aoln. in isobutyl alcohol (Present author) 
I 40%0 .2%
in cm~i Assignment p in cm -i Assignment p in f * m  '  1 Assignment
36123 (m)
36485 (V,8) Po 36485 (8,b) Vo
36570 (v,s) Ao
.36917 (v,w) r„+432 36917 («,b) Fo+432
37004 (fl) Bq
37108 (m) Oi
37456 (s) ro+971 37456 (s,b) ro-f971
37554 (m) A i
37667 (m) ro+1182 37667 (8,b) ro+971 +  432
37882(m) ro +  432+971
37992 (ms)
38098 (w) Ca
38420(m) rc+ 2  x971 38420 (m,b) ^0+2x971
38541 (w) A*
38613 (m) r„+971 +  1182
38982 (ms) Ba 38851 (w) «.(,+2X971+432
39404 (w) X 971
40361 (w) Po-h 4 X 971
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T A B L E  V
Absorption spectra o f p-bromotoluen©
.Vapour (Swamy, 1953)
r
Pure liquid 
(Swamy, 1953)
Solution in isobutyl alcohol (Present author)
0 .2 % 40%
. V in Assign- 
cm~i mont
V in Aasign- 
cm*”! '
V in Assign- 
cmi ment
V in ' 
cmri
Assign­
ment
3/5803 (vfl,b) V o
36986 (s) Vo 35947 (s) Vo
36173 Vo :
36754 (m) Vo+  768
36827 (a) ro4“ 1025
36928 1^0 4-765 36957 (s) ro+1010
36998 (a) ro+1012
37189 rfl4-1016
37767 (m) 1^0 + 768
37849 (w) 1-1012 37968(m) Vo-\-2x1025 2 X 1010
37954. ro4-756
+ 1016 3801 l(m) r<> + 2xl012
38205 Vo-\-
2X1016 38989 (w) 1*0 +
39020 (w) ro+ 3 X  1012 3x1010
TABLE VI
Absorption spectra of p-bromotohiene
Pure solid 
Present author
Frozen solution in isobutyl alcohol (Present author)
. 0 .2 % 40%
V in cm-'i Assighuiont V in cm~i Assigmnent P i n  cm’  ^ Assignment
36129 (vs) 
36903 (m) 
37150 (s) 
37925 (w) 
38154 (m)
f'o
1^ 0 +774 
1^ 0+1021 
1 ^ 0 - 1 - 7 7 4 4 - 1 0 2 1  
i »o 4 - 2 x 1 0 2 1
36852 (m) 
37081 (s) 
37871 (m) 
38083 (m) 
39096 (w) 
40116 (w)
V o
36120 (v.a) .^ 0>'o-F788
36903 (m) 1^ 0 4:774
i»o+1016
37150 <8) r« + 1 0 2 1
V o +788+1016
37926 (w) 1^0+1021+774
1-0 +  2x1016
38166 (m) ro +  2 x 1 0 2 1
PO +  3X1016
39176 (w) 1 - 0 + 3  X 1 0 2 1
»»o4-4 X  1016
> 0 + 4 x 1 0 2 140200 (w)
D I S C U S S I O N
o-Bromoiohiene
It can be seen from Tables I and J1 that in the case of 0.2% solution of 
o-bromotoluene in isobutyl alcohol in the liquid state, the position of the 0,0 band 
da shifted^ Awards -shorter wav^imgtha Irom the position of- the 0^0-band due to
pure liquid by 60 cm~  ^ and from its position in the vapour state by 342 cm*^  ^
towards longer wavelengths. Thus the influence of the solvent molecules is a 
little smaller than that due to the molecules of the pure substance. When this 
solution is frozen the 0,0 band shifts by 130 om~  ^ towards shorter wavelengths. 
On comparing the absorption spectrum of 0.2% frozen solution of o-bromotoluene 
with that due to the pure substance in the solid state as reported by Swamy (1063), 
it is found that the splitting of the band system into three systems observed in 
the case o f the crystals o f the pure substance does not take place in the case 
o f 0.2% solution in the solid state. But the ®,0 band due to the frozen solution 
is shifted by about 208 cm”  ^ towards longer Wavelengths with respect to the 0,0 
band due to the vapour state. This shift of 0,0 band shows that in the solid 
state the alcohol molecules surrounding the :^o-bromotoluene molecules exert a 
strong influence on the electronic energy levii^ l o f the molecule, but the energy 
level is split up into three components only |rhen the o-bromotoluene molecules 
are surrounded by the same molecules. Thelpibsorption spectrum due to a 40% 
solution o f o-bromotoluene in the solid state shows that in this spectrum, the band 
system due to the pure substance in the solid state is superposed on that due to 
0.2% solution in the frozen state. These results could be interpreted by assum­
ing that the splitting of the bands is caused by the lattice field in the 
crystals o f the pure substance and as the molecules are dispersed in the 0.2% 
frozen solution the lattice is absent and the splitting does not occur. If the 
above assumption were correct, it would be necessary to conclude that in 
40% solution at — 180°C some crystallites of the pure substance are present. 
Attempts were made to find out whether small crystals of o-bromotoluene 
separate out when the 40% solution is cooled. It was found, however, that 
the whole mixture freezes almost simultaneously and the frozen mass appears 
to be opaque. This shows that the molecules of o-bromotoluene are mixed up 
with those of the alcohol in the solid state. Probably most of them remain in 
small groups o f associated molecules in the 40% frozen solution and as single 
molecules in 0.2% solution, so that the latter, appears to be quite transparent 
while the former is opaque owing to the difference in the refractive indices of the 
groups o f o-bromotoluene molecules. Hence it is to be concluded that the splitting 
o f the energy level is due to the formation of such groups in 40% solution at 
—180°C and in the pure crystals of o-bromotoluene.
m-BrcnnotolueTie.
It can be seen from Tables III and IV that in the case of 0.2% and 40 /o 
solution o f m-bromotoluene in isobutyl alcohol in the liquid state the 0,0 band is 
displaced by about 160 cm-^ and 240 cm-^ respectively towards longer wave­
lengths with respect to its position in the spectrum due to the vapour phase. This 
shift in the case o f the pure liquid is about 323 cm“ ^ In the case of 0.2% solu­
tion the bands can be assigned to progressions of excited state frequencies 455, 
964 and 1188 cm*-^  as in the case o f the vapour, but the spectrum due to 40%
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solution in the liquid state resembles that due to the pure liquid with the difference 
that the excited state frequency 1026 cm~  ^ in the liquid state diminishes to 966 
cm~  ^ in the case of 40% solution. When the solutions are frozen and cooled to 
— 180°C, the 0,0 band due to 0.2% solution shifts further towards its position in 
the vapour state while that due to 40% solution seems to be a broad band 
composed of the 0,0 band due to the frozen 0.2% solution and that due to the 
pure crystal. In this case also the molecules are probably present in small groups 
as in the case o f ortho compound.
p-Bromotoluene,
It can be seen from Tables V an VI that the absorption spectra o f 0.2% 
solution of |>-bromotoluene in isobutyl alcohol can be assigned to progressions o f 
two excited state frequencies 768 cni~  ^ and 1012 cm"' as in the case o f the vapour. 
The absorption spectra due to 40% solution is almost similar to that due to pure 
liquid, the bands due to the progressions o f excited state frequencies 755 cm"'  ^
being absent. The displacement of the band system with the changes o f state 
observed in this case is miuth smaller than that in the case of the ortho-or meta 
compound. Also the spectrum due to the pure crystals does not indicate any 
splitting of the bands observed in the case of the other two isomers. I f  the 
splitting w’ould be due to the lattice field, it would take place in this case also. 
So the absence of any splitting in this case indicates that the splitting is not due 
to lattice field, but it is due to presence of strongly asymmetric groups of mole­
cules in the crystal. Probably, owing to the small value of dipole moment in 
the p-bromotohiene molecule, the molecules do not form large groups of associa­
ted molecules. The small shift of the 0,0 band with liquefaction of the vapour, 
however, indicates that ihe inteniKdecular field has a small influence on the 
position of 0,0 band and 1 his may be due to the formation of small symmetric 
groups. In the solid state the regular distribution of such groups around any 
molecule may diminish the resultant intennolecular field acting on the molecule.
Investigations with other liquids are in progress.
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